A synthesis of the ambergris odorant ent-ambrox starting from (-)-ozic acid is described.
Introduction
Ambergris is a metabolic product of the sperm whale (Physeter macrocephalus) and is considered one of the most valuable animal perfumes besides civet, musk and castoroleum. 1 Due to enforced whale protection, the use of ambergris in perfumery has been abolished, thus encouraging chemists to search for new synthetic substitutes. (-)-Tetranorlabdane oxide (1) is one of the commercially important products, synthesized for the first time by Stoll and Hinder in 1950, 2 and is commonly known under the trade names Ambrox ® (Firmenich), Amberlyn ® (Quest) and Ambroxan ® (Henkel). 3 Nowadays, an increasing number of publications on this topic demonstrates the great interest and importance of ambergris derivatives. 4 Many racemic 5 and chiral syntheses have been described in the literature. Among the chiral syntheses, several used naturally occurring terpenes as starting materials, for example, monoterpenes such as (+)-carvone 6 and thujone, 7, 8 sesquiterpenes such as (-)-drimenol 9 or diterpenes such as (-)-labdanolic acid, 4a,10 (+)-larixol, research program and in order to obtain pure ent-ambrox, we undertook the synthesis of 2 starting from (-)-ozic acid (3a) (Figure 1 ). This acid is the main component of the seed pod extract of Hymenaea courbaril var. altissima 22 and can be obtained readily as the methyl ester 3b, after esterification with diazomethane. 
Results and Discussion
The reaction of 3b with a stream of ozone followed by treatment with PPh 3 furnished the corresponding keto-aldehyde 4 in 85% yield (Scheme 1). In order to selectively protect the carbonyl group of the aldehyde, treatment of 4 with ethylene glycol in benzene using camphorsulfonic acid as catalyst gave the desired compound 5 in 90% yield. When p-TsOH was used as the catalyst, the furan derivative 6 was obtained as the sole product, in 48% yield, instead of the desired 5. Compound 6 was characterized through NMR spectroscopic analysis. The presence of two olefinic hydrogens at δ 6.08 (d, 1H, J = 2.20) and at δ 7.11 (d, 1H, J = 2. 4 , THF, reflux, 86%; (e) TsCl, Py, rt, 62%; (f) i. NaI, Zn, DMF, 120°C; ii. mCPBA, CH 2 Cl 2 , rt, 58% (two steps).
Next, the deprotection of the ketal using 1% HCl in THF furnished an unstable aldehyde which decomposed during purification. Thus, after deprotection, the crude material was treated with NaBH 4 in MeOH to furnish the corresponding hydroxy ester 8 in 81% yield. Epoxidation of 8 with mCPBA in CH 2 Cl 2 followed by reduction of the epoxide 9 with LiAlH 4 , furnished the triol 10 in 77% overall yield. Since it is known that treatment of hydroxy groups at C-8 and C-12 with 1.0 equivalent of MsCl 21 leads to tetrahydrofuran derivatives, triol 10 was treated with 2.0 equivalent of TsCl in pyridine. As expected, monotosylate 11 was obtained in 62% yield. Finally, treatment of 11 with NaI and activated Zn in DMF at 120 o C furnished ent-ambrox (2) together with an inseparable mixture of isomeric olefins. The presence of unsaturated compounds was detected by 1 H NMR spectral analysis, which showed signals between δ 4.0 and 5.2, characteristic of olefinic hydrogens and also by 13 C NMR spectra which showed signals of sp 2 carbons between δ 120 and 140. Analysis by GC/MS showed the presence of at least 4 compounds with masses 2 Daltons less than the expected product. Based on these data, it was possible to infer that unexpected rearrangement products were obtained during the reduction reaction. Due to the difficulty observed in purification of the desired product, the crude mixture was treated with mCPBA and after purification using silica gel column chromatography, entambrox (2) was obtained in a 58% overall yield. All spectroscopic data were in good agreement with those reported previously.
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Experimental Section General Procedures. Melting points were determined on a Micro-Química MQAPF-31 apparatus and are uncorrected. IR spectra were recorded on a Perkin Elmer 1600 FTIR or on a BOMEM MB-100 instrument. 1 H NMR and 13 C NMR spectra were recorded on a Varian Gemini 2000 spectrometer at 300 MHz and 75 MHz, respectively, or on a Varian Inova 500 spectrometer at 500 MHz and 125 MHz, respectively, with CDCl 3 as solvent and TMS as internal standard. GC/MS analyses were carried out using a HP-5990/5970 system equipped with J&W Scientific DB-5 [fused silica capillary column (30mx0.25mmx0.25µm)] and using helium as the carrier gas. High resolution mass spectra were obtained on a VG Autospec-Micromass instrument. Elemental analyses were performed with a Perkin-Elmer 2400 CHN analyzer. Optical rotations were measured with a Carl Zeiss photoelectric polarimeter. To a solution of aldehyde 4 (500 mg, 1.78 mmol) in dry benzene (30.0 mL) was added ethylene glycol (0.12 mL, 2.14 mmol) and a catalytic amount of camphorsulfonic acid (2 mg). After refluxing for 1 h using a Dean-Stark apparatus filled with benzene, the mixture was cooled to room temperature and the solution was washed with 5% aqueous NaHCO 3 was added. The cooling bath was then removed and after stirring the reaction for 1.5 h at room temperature, the mixture was diluted with n-pentane (10 mL) and a saturated NaHCO 3 solution (2 mL) was added carefully. The organic phase was separated and the aqueous phase was extracted with n-pentane (2 x 15 mL). The combined organic phases were washed with brine, dried with anhydrous Na 2 SO 4 and filtered and the solvent was removed under reduced pressure. 18 .4 (C-2), 26.6 (C-6), 28.5 (C-11), 36.9 (C-3), 37.6 (C-7), 37.9 (C-1), 38.5 (C-4), 47.7 (C-10), 49.5 (C-5), 51.8 (-OCH 3 ), 52.0 (C-9), 64.6 (-OCH 2 -), 64.7 (-OCH 2 -), 103.9 (C-12), 107.3 (C-13), 147.9 (C-8), 179.1 (C-14) 
. Triol 10. To a suspension of LiAlH 4 (37 mg, 1.0 mmol) in dry THF (25 mL) was added a solution of 9 (110 mg, 0.34 mmol) in dry THF (25 mL) and the mixture was refluxed for 3 h. After cooling to room temperature, the excess hydride was destroyed by the careful additions of 15% aqueous NaOH solution. The solid was removed by filtration through a Celite pad and the organic phase was washed with brine, dried with anhydrous MgSO 4 , and the solvent was removed under reduced pressure. The residue was purified by silica gel chromatography (silica gel, CH 2 To a solution of 10 (70 mg, 0.26 mmol) in dry pyridine (5 mL) was added TsCl (100 mg, 0.52 mmol) and the mixture was stirred at room temperature for 12 h. The mixture was diluted with EtOAc (10 mL) and washed successively with 5% aqueous HCl solution, 5% aqueous NaHCO 3 solution and brine. The organic phase was dried with anhydrous MgSO 4 , the solvent was removed under reduced pressure and the residue was chromatographed on silica gel (petroleum ether:EtOAc, 9:1) to give 11 (74 mg, 62%) as white crystals; mp. (3H, s, H-14 
